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[PURPOSE] To provide an adhesive-treatment method of a poly-p-phenylene benzobisoxazole fiber whicl 
can give a superior adhesivity to a rubber. 

[CONSTITUTION] The surface of fiber of poly-p-phenylene benzobisoxazole has 0.01 to 0.5 wt% of a 
polyurethane compound having at least two terminal isocyanate groups in its molecule reacted and bound 
with it, then the reaction product has applied to it a mixture of a resorcinol-formaldehyde condensate, whe 
the molar ratio F of the formaldehyde to the resorcinol satisfies the relationship expressed by the following 
formula, 1 .2<F<2.4 and obtained by a reaction in the presence of an alkali catalyst, and a rubber latex 
aqueous solution, where the weight ratio L by solid content of the rubber latex aqueous solution to the 
resorcinol-formaldehyde condensate satisfies the relationship of 5<L<10, then the result is heat treated at ; 
temperature of at least 1 00°C. 



[CLAIMS] 

[Claim 1] An adhesive-treatment method of a poly-p-phenylene benzobisoxazole fiber characterized by 
causing 0.01 to 0.5 wt% of a polyurethane compound having two or more tenninal isocyanate groups in the 
molecule to react and bind with a poly-p-phenylene benzobisoxazole fiber having at least 80% of monomer 
repeating units expressed by one of the following general formulas (I) 
[Formula 1] 




or 



(where, n is a positive integer showing the repetitions), 





then applying to this reaction product a mixture of a resorcinol -formaldehyde condensate, where the molar 
ratio F of the formaldehyde to the resorcinol is 1 .2<F<2.4 and obtained by reaction in the presence of an 
alkali catalyst, and a rubber latex aqueous solution, where the weight ratio L by solid content of the rubber 
latex aqueous solution to the resorcinol-formaldehyde condensate is 5<L<10, then heat treating this at a 
temperature of at least 100°C. 

[Claim 2] The method of treatment according to claim 1 in which the rubber latex aqueous solution mixed 
with the resorcinol-formaldehyde condensate contains at least 40 wt% of a vmylpyridine-styrene-butadiene 
copolymer which contains 10. to 30 wt% of vinylpyridine. 

[Detailed Description of the Invention] 
[0001] 

[Field of Utilization in Industry] The present invention relates to an adhesive-treatment method of a poly-p- 
phenylene benzcbiscxazcle (hereinafter referred to as "PBO") fiber which improves the adhesivity with 
rubber. 



[Prior Art] Conventionally, as a typical example of a high strength fiber, an aramid fiber has been known. 
Today, this fiber is being broadly used as a reinforcement for tires and other various types of rubber 
products. However, an aramid fiber has the property of a low modulus as compared with a carbon fiber. 
Therefore, in recent years, a fiber having all of the modulus of a carbon fiber and strength and handling of 
an aramid fiber has been sought. Among these, a heterocyclic aromatic polymer fiber, especially a PBO 
fiber, has come into attention {Mat Res. Soc. Symp. Proc, W. Wade Adams et al., vol. 134, pp. 254-265). 



[Problem(s) to be Solved by the Invention] However, while a PBO fiber has a higher strength and higher 
modulus than conventional organic fibers, PBO is extremely high in crystallinity and has a dense 
microstructure. It forms almost no bonds with the resorcinol-formaldehyde condensate (hereinafter referred 
to as "RF ") component in the resorcinol-formaldehyde condensate/latex (hereinafter referred to as "RFL") 
adhesive, including primary bonds and secondary bonds, so there is the problem that it does not adhere 
much at all with rubber with general treatment by an RFL adhesive. 

[0004] Consequently, at the present, PBO fiber still cannot be used for reinforcement of tires and other 
rubber products. 

[0005] Therefore, an object of the present invention is to provide an adhesive-treatment method of a PBO 

fiber enabling superior adhesivity to rubber to be exhibited. 

[0006] 

[Means for Solving the Problem(s)] The present inventors engaged in zealous research to solve the above 
problem of a PBO fiber, that is, to improve the adhesivity with rubber, and as a result discovered that the 
above object can be achieved by treating the surface of the PBO fiber by a polyurethane compound having 
at least two tenninal isocyanate groups, then applying treatment by a specific RFL adhesive, and thereby 
completed the present invention. 

[0007] That is, the adhesive-treatment method of a PBO fiber of the present invention is characterized 
by causing 0.0 1 to 0.5 wt% of a polyurethane compound having two or more terminal isocyanate groups in 
the molecule to react and bind with a poly-p-phenylene benzobisoxazole fiber having at least 80% of 
monomer repeating units expressed by one of the following general formulas (I) 



[0002] 



[0003] 



. [Formula 2] 




or 




(where, n is a positive integer showing the repetitions) 



then applying to this reaction product a mixture of a resorcinol-formaldehyde condensate, where the molar 
ratio F of the formaldehyde to the resorcinol is 1.2<F<2.4 and obtained by reaction in the presence of an 
alkali catalyst, and a rubber latex aqueous solution, where the weight ratio L by solid content of the rubber 
latex aqueous solution to the resorcinol-formaldehyde condensate is 5<L<10, then heat treating this at a 
temperature of at least 100°C. 

[0008] The PBO, as shown in the above formula, is a cis-PBO, that is, poly[benzo(l,2-d;5,4-d> 

bisoxazole-2,6-diyl-l,4-phenylene] or trans-PBO, that is, poly[benzo(l,2-d:4,5-d')bisoxazole-2,6-diyl-l,4- 

phenylene], but the treatment of the present invention is not limited to either PBO. 

[0009] As the above-mentioned polyurethane compound, it is possible to mention reactive polyurethane 

resins of the following general formulas : 

[Formula 3]. 

"M _ Murv\o _ o norxiu _ ha 

or 

M - NHCOO -R 2 - OOCNH - M 
I 

OOCNH'- M 

(where R) and R 2 are Ci to C 2 o hydrocarbon groups and M is a blocking agent) 
If soluble in water, it may be a straight chain, branched chain, or aromatic group. Note that the blocking 
agent M is preferably a powerful hydroxyl group, for example, a carbamoyl sulfonate group (- 
NHCOS0 3 Na) etc. 

[0010] Below, a good example of reacting and binding this polyurethane compound to the surface of a 
PBO fiber will be given. First, as the blocking agent of the terminal isocyanate group, one of strong 
hydrophilic groups is used. The polyurethane compound is dissolved in water as it is or is made soluble in 
water using a suitable surfactant and the PBO fiber is dipped in the obtained aqueous solution or the 
aqueous solution is sprayed on the PBO fiber. 

[00 1 1 ] Next, the PBO fiber is heat treated at a temperature of at least 1 00°C so as to cause an amount of 
polyurethane in the above range to react and bind with the surface of the PBO fiber. 
[0012] The amount of the polyurethane compound reacted and bound can be controlled by changing the 
concentration of the polyurethane compound in the above polyurethane compound aqueous solution, the 
ratio of amount of use of the aqueous solution with respect to the PBO fiber, the temperature and time of the 
heat treatment, etc. It is sufficient to select the optimal conditions among these. 

[0013] Next, an example of the method of preparation of a mixture of the RF and rubber latex aqueous 
solution used in the present invention (hereinafter referred to as the ".RFL -aqueous solution") will be 
explained. First, sodium hydroxide, potassium hydroxide, ammonium hydroxide, urea, or another alkali 
catalyst is added in an amount of 0.1 to 0.4 mole with respect to 1 mole of resorcinol, then the resorcinol 
and formaldehyde are made to react in a molar ratio of 1 : 1 .2 to 2.4 at room temperature for several hours, 
preferably 6 to 10 hours. 

[0014] Next, the obtained RF can be mixed with the rubber-latex aqueous solution at a rate of a weight 
ratio by solid content of 1:5-10 and further aged for several hours, preferably at least 14 hours, at room 
temperature to thereby obtain the desired RFL aqueous solution. , 
[0015] Here, the rubber-latex aqueous solution to be mixed with the RF preferably includes at least 40 
wt% of a vmylpyridine-styrene-butadiene copolymer which contains 10 to 30 wt% of vinylpyridine for 
realizing a good adhesion of PBO fiber and rubber. 

[0016] Moreover, as the rubber-latex aqueous solution used for the above-mentioned RFL aqueous 
- solution, it is possible to use not only a vmylpyridine-styrene-butadiene copolymer rubber latex, but also a 
mixed latex of at least two types of a styrene-butadiene copolymer rubber latex, a natural rubber latex, and 
other synthetic rubber latexes. 



[0017] As the method for applying the RFL aqueous solution to the PBO fiber with which the 
polyurethane compound has been reacted and bound, it is possible to suitably select, in accordance with 
need, from the method of dipping the fiber in the RFL aqueous solution, the method of coating the RFL 
aqueous solution on the fiber by a doctor knife etc., the method of spraying the RFL aqueous solution to 
the fiber, etc. 

[0018] It is desirable that the amount of application of the RFL aqueous solution be controlled to 4 to 
15 wt% with respect to the PBO fiber based on the solid content of the RFL aqueous solution after drying. 
[0019] After applying the RFL aqueous solution to the PBO fiber in this way, the PBO fiber may be heat 
treated at a temperature of for example 200 to 270°C for 30 to 240 sec to obtain a PBO fiber superior in 
adhesivity. 
[0020] 

[Mode of Operation] In the present invention, the amount of the polyurethane compound reacted and bound 
with the surface ofthe PBO fiber is 0:01 to 0.5 wt%, preferably 0.05 tc0.4 wt%. Ifthc amount reacted and 
bound with is less than 0.01 wt% or more than 0.5 wt%, the adhesivity with rubber falls and the object of 
the present invention cannot be attained. 

[0021] Moreover, in the present invention, the molar ratio F of formaldehyde to resorcinol in the RFL 
aqueous solution for application to the reaction product of the PBO fiber and polyurethane compound must 
satisfy the relationship expressed by the following formula: 
1.2<F<2.4 

If this ratio F is less than 1.2, there are few RF crosslinks, and the RFL strength is insufficient and the 
adhesive power is low, while if over 2.4, the RF crosslinks become overly dense and the adhesive power 
again falls. 

[0022] Furthermore, in this RFL aqueous solution, the weight ratio L by solid content of the rubber-latex 
aqueous solution to RF obtained by reaction in the presence of an alkali catalyst needs to satisfy the 
relationship expressed by the following formula: 
5<L<10 

If the weight ratio L by solid content is less than five or more than 10, this causes a fall in the adhesive 
power. 

[0023 ] The suitable amount of application of the RFL aqueous solution to the PBO fiber on the basis of 
the solid after drying is made 4 to 15 wt%. If less than 4 wt%, the adhesivity with rubber becomes poor, 
while if over 15 wt%, the stickiness will become intense and the work efficiency will become poor. 
[0024] After applying the above-mentioned RFL aqueous solution to the PBO fiber, this can be heat 
treated at a temperature of at least 100°C to obtain a PBO fiber excellent in adhesivity with rubber. 
[0025] 

[Examples] Next, the present invention will be explained in further detail by examples. In the following 
examples and comparative example, cis-PBO fiber was used. 

[0026] Further, the adhesive-treated PBO fiber cords obtained in the examples and comparative example 
were evaluated as to adhesivity with rubber in the following way. First, the adhesive-treated PBO fiber cords 
were each buried in unvulcanized rubber of the formulation shown in Table 1 and vulcanized at 130°C for 
20 minutes. The cords were dug out from the obtained vulcanates and then pulled at a speed of 300 mm/min 
to peel them from the vulcanates. The peeling resistance per cord was found for each and used as the 
adhesive power (kg/cord). 




[0027] 
[Table I] 



Formulation 


Parts by weight 


Natural rubber 


70 


Styrene-butadiene copolymer rubber 


30 


Carbon black 


40 


Stearic acid 


2 


Petroleum-based softener 


10 


Pine tar 


4 


Zinc white 


5 


N -phenyl- j3 -naphthylamine 


1.5 


2-benzothiazolylsulfide 


0.75 


Diphenylguanidine 


0.75 


Sulfur 


3.5 



Example 1 

An aqueous solution of the following composition was prepared using diglycerol triglycidyl 
the polyepoxy compound. 

wt % 

Carbamoyl sulfonate block of diphenylmethane 
diisocyanate 2.0 
Distilled water 98.0 

[0029] The PBO fiber was dipped in this polyurethane compound aqueous solution using a Litzer 
Computreater dipping unit, then this cord was passed through a drying oven at 130°C for 60 seconds, then 
passed through a heat treatment oven at 240°C for 60 sec. Suitably thereafter, it was dipped in the RFL 
aqueous solution. This RFL aqueous solution was obtained by aging a mixture of the following 
composition: 
[0030] 

wt% 

Distilled water 52.0 
Resorcinol 1.8 
Formalin (formaldehyde 37% aqueous solution) 2.3 
1 0% sodium hydroxide aqueous solution 1.1 
Vmylpyridine latex 42.8 



[0028] 
ether as 



at room temperature for 6 hours, then adding to this 42.8 wt% of yinylpyridine-styrene-butadiene-rubber 

latex (41 wt%) containing 15 wt% of vmylpyridine and then further aging it for 18 hours. 

[0031] Cords dipped in this RFL aqueous solution were passed again through the drying oven at 1 60°C 

x 60 sec and then passed through the heat treatment oven at 240°C x 60 sec to obtain adhesive-treated PBO 

cords. 

[0032] Note that the molar ratio F of the formaldehyde with respect to the resorcinol and the weight ratio 
by solid content of the rubber latex aqueous solution with respect to the RF were 1 . 73 and 6.6, respectively. 
[0033] Example 2 

Adhesive-treated PBO fiber cord was obtained by the same conditions as Example 1 using a 
carbamoyl sulfonate block of diphenylmethane diisocyanate as the polyurethane compound to prepare an 
aqueous solution of the following composition and changing only the amount of polyurethane compound 
reacted and bound. 



[0034] 

Carbamoyl sulfonate block of diphenylmethane 
diisocyanate 
Distilled water 

[0035] Comparative Example 

Adhesive-treated PBO fiber cords were obtained under the same conditions as in Example 1 
except that the treatment relating to the polyurethane compound in the Example 1 was not performed. The 
amount of polyurethane compound reacted and bound with respect to the adhesive-treated PBO fiber cords 
obtained in this way and the amount of application by solid content of the RFL aqueous solution and the 
adhesive power with respect to rubber are shown in the following Table 2. 



[Table 21 





Ex. 1 


Ex.2 


Comp. Ex. 


Amount of polyurethane compound 
reacted and bound (wt%) 


0.12 


0.27 




Amount of RFL aqueous solution 
applied in solid content (wt%) 


7.8 


8.3 


7.4 


Adhesive power (kg/cord) 


2.86 


2.91 


0.35 



[0037] From the above Table 2, it was confirmed that a sufficient adhesive power was obtained by the 

PBO fiber cord treated by an adhesive of the present invention. 

[0038] 

[Effect of the Invention] As explained above, in the adhesive-treatment method of PBO fiber of the present 
invention, by treating the surface of the PBO fiber by a polyurethane compound having at least two 
terminal isocyanate groups and then treating it by a specific RFL adhesive, it becomes possible to greatly 
improve the adhesivity with rubber - a major problem in use of PBO fiber for rubber products up to now. 



wt% 

3.5 
96.5 
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